INTRODUCTION
India is a vast country with great diversity of plants and animals supported with tropical and sub-tropical climates. Soil faunal population is very important in many agro ecosystems; because the soil organisms promote soil fertility (Lee 1985; Werner & Dindal 1989) . The major soil organisms include earthworms, centipedes, millipedes and microorganisms. Of these, earthworms are considered as one of the major soil invertebrates belonging to the phylum Annelida and class Oligochaeta. Oligochaetes are mainly divided into megadriles and microdriles. Megadriles live in both terrestrial and aquatic systems whereas microdriles prefer only aquatic systems. Globally, there are about 4,400 different species of earthworms (Reynolds & Wetzel 2017) and from India 505 species of earthworms (Julka 2014; Ahmed & Julka 2017; Narayanan et al. 2017) have been reported. Australia, Japan and India (Blakemore 1994 (Blakemore , 2004 (Blakemore , 2006 , Bangladesh (Reynolds 1994; Reynolds et al. 1995b; Das & Reynolds 2003) , northern Neotropical region (Fragoso et al. 1995) , Belize (Reynolds et al. 1995a) , Mexico (Fragoso & Reynolds 1997) , New Zealand (Springett et al. 1998 ), Faisalabad (Ghafoor & Qureshi 1999 , Taiwan (Tsai et al. 2000 (Tsai et al. , 2004 , Gujranwala (Rana et al. 2002) , north-west of the Iberian Peninsula (Monrey et al. 2003) , central Terai region (Bisht et al. 2003) (Siddaraju et al. 2010) , Jammu, northeastern India (Rajkhowa et al. 2014) , and Kerala (Narayanan et al. 2016 ).
Earthworms feed on organic matter and litter.
They enrich soil fertility by adding nutrients to the soil through their burrowing activities and are recognized as ecological engineers due to their strong interaction with soil functioning in the ecosystem (Jones et al. 1994; Lavelle et al. 1994) . Earthworm casts are highly rich in organic matter compared to the non-ingested surrounding soil. The effect of earthworms on the dynamics of soil organic matter depends on the time and space (Mora et al. 2005) . Earthworms are known to increase the transfer of organic carbon and nitrogen into soil through their gut microbial activities and they facilitate the stabilization and accumulation of soil organic matter (Desjardins et al. 2003) . The cycling process of C and N in agro-ecosystems depends on the cropping system and management practices (Fonte et al. 2007 ). The earthworm species and their interactions also affect the nitrogen mineralization (Brown et al. 1999) .
They also increase the soil pH and promote the microbial activity in the soil. In addition, other nutrients such as N, P, K and Ca derived from earthworm urine and mucus are also involved in soil fertility (Parmelec et al. 1998 ). The geographical coordinates in each habitat were noted using a Garmin eTrex GPS and a Google map was constructed using Google Earth (Image 1). The annual rainfall in Udupi District ranged from 3,184-3,575 mm. 
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Soil analysis
In the earthworm sampled habitats such as residential and agricultural (in all seasons) and forest habitat (monsoon and post-monsoon seasons), edaphic factors were analysed by using standard protocols (Jackson 1973). Soil temperature was measured by using a digital thermometer (TP 101 model) at the depth of 10cm. Moisture content was determined gravimetrically on a wet weight basis by oven drying method (105 O C, 12 hours). The air dried soil sample was sieved and subjected to the following analysis. The pH (1:2.5) was detected using digital pH meter (Systronics model EQ 610). Electrical conductivity (EC) was measured using conductivity meter (Systronics model EQ 660A). Organic Carbon (OC) content was determined using WalkleyBlack chromic acid wet oxidation method. Nitrogen (N) content was estimated by Micro Kjeldahl method.
The available Phosphorous (P) content was measured by Bray's method for acidic soil samples (pH<6.5) and
Olsen's method for alkaline soil samples (pH>6.5) using Near Infra-Red (NIR) spectrophotometer. The Potassium (K) was measured by Flame photometer method using neutral normal ammonium acetate as an extractant.
Statistical analysis
The seasonal abundance of earthworms in relation to edaphic factors was analysed using Karl Pearson's Correlation method. To compare the means of two different groups, independent student t-test and for comparison of more than two group's one way ANOVA test was used. Statistical analysis was done using SPSS version 16.
RESULTS AND DISCUSSION
The present study records, the distribution pattern and abundance of four species of earthworms belonging to three families, viz., Rhinodrilidae (P. (Sherlock et al. 2011) , Western Ghats of Karnataka, India (Biradar et al. 2013 ), Assam, northeastern India (Rajkhowa et al. 2014) , and Kerala, India (Narayanan et al. 2016 ).
Megascolex konkanensis Fedarb, 1898 (Image 3).
Distribution: Adve (Banana plantation); Kuthyaru (coconut plantation); Nandikur (forest soil) and Yellur (banana plantation) villages.
Recorded periods: Monsoon and post-monsoon.
Previous records: Southern India (Stephenson 1923; Rao 1979; Oommen 1998; Blakemore 2006; Reynolds et al. 2010) , Dakshina Kannada, southwestern coast of Karnataka (Siddaraju et al. 2010) and Western Ghats of Karnataka, India (Biradar et al. 2013) . 
Edaphic factors
As shown in the Table 2 
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Correlation between the seasonal abundance of earthworm species with edaphic factors The correlation analysis of abundance of different species of earthworms in relation to edaphic factors in different seasons has revealed that, during pre-monsoon, the abundance of P. corethrurus (r= 0.882; P=0.02) and M. houlleti (r=0.814; P=0.049) were positively correlated with organic carbon and are statistically significant in the residential habitats. During monsoons, P. corethrurus showed positive correlation with C/N ratio (r=0.732; P=0.01) and is statistically significant, whereas it shows negative correlation with pH (r=-0.755; P=0.007) and is statistically highly significant in the residential habitats. M. konkanensis showed positive correlation with electrical conductivity (r=0.925; P=0.00034) and is statistically highly significant in the agricultural habitat. In the forest habitat, K. karnatakensis showed statistically highly significant negative correlation with temperature (r=-0.803; P=0.029) and positive correlation with moisture content (r=0.770, P=0.043). Whereas, M. houlleti showed positive correlation with organic carbon (r=0.882; P=0.009) and is highly significant. During postmonsoons, K. karnatakensis showed positive correlation with C/N ratio (r=0.879; P=0.049) and is statistically significant in the residential habitats.
Diversity, distribution and abundance of earthworm species
Diversity, distribution and abundance of soil organisms are influenced by many soil factors.
Understanding the factors which control the earthworm's diversity and population density is a vital process to maintain the soil ecosystem. Earthworms are important soil dwelling organisms and are found in a wide range of soil representing 60-80 % of the total soil biomass and they prefer soil which is rich in organic matter. Diversity is affected due to the loss of their native habitats (Lavelle et al. 1994; Bhadauria et al. 2000) .
Various studies have reported earlier the distribution of earthworms in relation to habitats (Fonte et al. 2009 ). In the earlier reports, P. corethrurus was recorded from habitats such as manure heaps, garden soil, cultivated land, coconut and rubber plantations (Julka 2008); nursery stock of Assam (Rajkhowa et al. 2014) , human disturbed forests of Kerala state (Narayanan et al. 2016) , moist soil and cow dung slurry pits of Dakshina Kannada, Karnataka (Siddaraju et al. 2010) . In the present study P. corethrurus was found to be more widely spread and was the dominant earthworm species in the study area.
The highest population density was observed during the monsoons followed by post-monsoon period and the same observation was made by Blanchart & Julka (1997) and Joshi & Aga (2009) . This aneciec earthworm M. konkanensis an endemic species was reported earlier from forest leaf litter in different parts of South India (Oommen 1998; Kathireswari et al. 2005 
Earthworm abundance in relation to edaphic factors
The species density was observed where there was the highest litter degradation in the study area. It indicates that moisture content and food availability in the habitats influence the distribution of earthworms.
It has been observed that, the species abundance in residential habitats throughout the year is probably due to ideal soil moisture and rich organic matters as it was reported earlier by Ghosh (1993) 
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present study also a similar result was observed in the residential habitats with P. corethrurus (r=0.882; P=0.02) and with M. houlleti (r=0.814; P=0.049) during the pre-monsoon and in forest habitats (r=0.882; P=0.009) during the monsoon period with M. houlleti (Joshi et al. 2010) . Nitrogen content in the soil is due to the accumulation and decomposition of leaf litter and debris of the plants. Banana plants add more nitrogen to the soil after death and decay by decomposition processes. Nitrogen showed no significant relationship with the distribution of the species. Only P. corethrurus (r=0.732; P=0.01) and K. karnatakensis (r=0.879; P=0.049) showed a positive correlation with C/N ratio in the residential habitats during monsoon and post-monsoon periods respectively. In all the soils, the available phosphorous content was high (52.75 to 213 kg/ha) in all the seasons, except in forest habitats (17.5 kg/ha) during the post monsoon period. The available potassium content was medium (136.43 to 193.73 kg/ha) in all the soil samples, whereas in residential habitats it shows high during premonsoon (292.16 kg/ha) and post monsoon (300.91 kg/ ha) periods. In the present study, that the species didn't show the relation with P and K. Phosphorous content in the soil may be due to the addition of fertilizers in higher doses and also from litter (Singh et al. 2016) . Potassium content in the soil might be attributed to release of more K from organic residue and application of K containing fertilizers. Many reports have shown that industrial discharge deposits on surrounding areas enters the food chain. These discharges mainly contain toxic substances such as organic and inorganic deposits as well as toxic metals and affects the health of mankind as well as the quality of the soil and its productivity (Chhonka et al. 2000; Ho et al. 2012) . Most earthworm species are very sensitive to the alteration in the soil nutrients; though some species may survive in altered environments (Suther et al. 2008 ). The present study clearly indicates that there is a species specific relation with the nutrient availability in the soil. Bio indicator activities of the earthworm species are being studied to know the impact of industrial discharge on earthworm species in the study area.
